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[Document] 

Specification 

[Title of the Invention] 

Scanning Optical Apparatus 

[Claims] 

1. An optical scanning apparatus comprising: 
a first optical system for converting 

luminous flux emitted from a light source to converged 

luminous flux; 

a second optifcal system for imaging the 

luminous flux into a linear image extending in a main 

scanning direction on a deflecting plane of a 

deflector; 

a third optical system for forming an image 
in a spot shape on a plane to be scanned from the 
luminous flux deflected by said deflector, wherein 
said third optical system comprises a single lens, 
both surfaces of said single lens being aspherical and 
toric on the main scanning plane, and the following 
conditions being satisfied, with denoting the 
paraxial curvature radius of a deflector side lens 
surface said single lens, R2 denoting the paraxial 
curvature radius of an opposite lens surface of said 
single lens, Ymax denoting the maximum effective 
diameter on the main scanning plane of said single 
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lens, and and S2 denoting aspherical-surf ace 
amounts from the paraxial lens surfaces at said 
maximum effective diameter Ymax, 
0 < Ri < R 2 

(Rj^ 2 - Ymax 2 ) 1 / 2 - R 1 < S 1 < 0 

s 2 < ( R 2 2 " Ymax 2 ) 1/2 - R 2 
and wherein the following expression is satisfied, 
with f t denoting the focal length on the main scanning 
plane of said third optical system and S K denoting the 
distance from said third optical system to the plane 
to be scanned: 

0.2 £ 1 - S K /f t < 0.5. 

2. An optical scanning apparatus according to 
Claim 1, wherein the curvature on the sub-scanning 
plane (the plane including the optical axis and 
perpendicular to the main scanning plane) of at least 
one lens surface of both surfaces of said single lens 
constituting said third optical system changes 
successively within the effective range of said single 
lens . 

3. An optical scanning apparatus according to 
Claim 1, wherein the symmetrical axis of said second 
optical system in the main scanning direction is 
slanted against the normal of said plane to be scanned 
on the main scanning plane. 
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4. An optical scanning apparatus according to 
Claim 1, wherein said third optical system is molded 
in plastic. 

5. An optical scanning apparatus according to 
Claim 1, wherein said second optical system is molded 
in glass. 

[Detailed Description of the Invention] 
[0001] 

Field of the Invention 

The present invention relates to optical 
scanning apparatuses, and more particularly, to an 
optical scanning apparatus best suited to, for 
example, a laser beam printer (LBP) apparatus and a 
digital copying machine having an electrophotographic 
process, wherein luminous flux optically modulated and 
emitted from light source means is deflected and 
reflected with an optical deflector including a 
polygon mirror, and then moves in rapid succession on 
a plane to be scanned through an image optical system 
having an f0 characteristics (f9 lens) in order to 
record image information. 
[0002] 

Description of the Related Art 

In a conventional optical scanning apparatus 
of a laser beam printer apparatus or the like, 
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luminous flux optically modulated and emitted from a 
light source according to an image signal is 
periodically deflected with an optical deflector 
including, for example, a polygon mirror, and then is 
converged on a surface of a photosensitive recording 
medium (photosensitive drum) in a spot shape with an 
image optical system having f0 characteristics. The 
surface is optically scanned to record image. 
[0003] 

Fig. 13 is an outlined cross section of a 
conventional optical scanning apparatus. 
[0004] 

As shown in Fig. 13, divergent luminous flux 
emitted from light source means 11 is made almost 
parallel with a collimator lens 12, is restricted in 
terms of light energy by an aperture 13, and then is 
input to a cylindrical lens 14 having a certain 
refractive power only in the sub-scanning direction. 
The parallel luminous flux input to the cylindrical 
lens 14 is output in the main scanning cross section 
as is, and is converged in the sub-scanning cross 
section to form almost a line image on the deflection 
surface (reflection surface) 15a of the optical 
deflector comprising a polygon mirror. 
[0005] 

Luminous flux deflected and reflected with 
the deflection surface 15a of the optical deflector 15 
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is directed to the surface of a photosensitive drum 18 
serving as a plane to be scanned, through an image 
optical system (f9 lens) 16 having f9 characteristics. 
As the optical deflector 16 is rotated in the 
direction indicated by arrow A # the surface of the 
photosensitive drum 18 is optically scanned and image 
information is recorded. 
[0006] 

[Problems to be Solved] 

To very precisely record image information in 
such an optical scanning apparatus, it is required 
that, over all of the plane to be scanned, field 
curvature is successfully compensated for, the spot 
diameter is uniform, and distortion aberration (f9 
characteristics) which has a proportional relationship 
between the angle of incident light and image height 
is provided. Various optical scanning apparatuses 
having these optical features or their compensation 
optical systems (f0 characteristics) have been 
proposed. 
[0007] 

As laser beam printers and digital copying 
machines have been made compact and inexpensive, 
optical scanning apparatuses are required to be made 
the same. 
[0008] 

Various optical scanning apparatus comprising 
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one f0 lens, which satisfy the demands for 
satisfactorily compensating for field curvature and 
for providing f0 characteristics, have been proposed, 
such as those disclosed in Japanese Examined Patent 
Publication No, 61-48684, Japanese Unexamined Patent 
Publication No. 63-157122, Japanese Unexamined Patent 
Publication No. 4-104213, and Japanese Unexamined 
Patent Publication No. 4-50908. 
[0009] 

In Japanese Examined Patent Publication No. 
61-48684 and Japanese Unexamined Patent Publication 
No. 63-157122, a single lens having a concave surface 
facing an optical deflector is used as an f0 lens to 
converge parallel luminous flux from a collimator lens 
on a surface of a recording medium. In Japanese 
Unexamined Patent Publication No. 4-104213, a single 
lens having a concave surface facing an optical 
deflector and a toroidal surface facing an image plane 
is used as an fO lens. Luminous flux converted to 
converged luminous flux by a collimator lens is input 
to the f9 lens. In Japanese Unexamined Patent 
Publication No. 4-50908, a single lens having high- 
order aspherical surfaces is used as an f0 lens. 
Luminous flux converted to converged luminous flux by 
a collimator lens is input to the f0 lens. 
[0010] 

However, the optical scanning apparatus 



-7- 



disclosed in Japanese Examined Patent Publication No, 
61-48684 still has field curvature in the sub-scanning 
direction. The apparatus also has a long focal length 
f9 which is equal to the distance from the f0 lens to 
the plane to be scanned, because parallel luminous 
flux forms an image on the plane to be scanned, making 
it difficult to configure a compact optical scanning 
apparatus . 
[0011] 

Since the optical scanning apparatus 
disclosed in Japanese Unexamined Patent Publication 
No. 63-157122 has an f© lens with a thick wall, it is 
difficult to mold the lens, thereby increasing the 
cost . 
[0012] 

The optical scanning apparatus disclosed in 
Japanese Unexamined Patent Publication No. 4-104213 
still has distortion aberration and jitter depending 
on the polygon surfaces due to an error in mounting 
the polygon mirror, which serves as an optical 
deflector. 
[0013] 

The optical scanning apparatus disclosed in 
Japanese Unexamined Patent Publication No. 4-50908 has 
a high-order aspherical f9 lens to successfully 
compensate for aberrations. However, the spot 
diameter in the sub-scanning direction tends to change 
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according to the height of an image because of uneven 
magnification in the sub-scanning direction between 
the optical deflector and the plane to be scanned. 
[0014] 

Accordingly, it is an object of the. present 
invention to provide a compact optical scanning 
apparatus which compensates for field curvature and 
distortion aberration, prevents jitter caused by an 
error in mounting an optical deflector and changes in 
a spot diameter in the sub-scanning direction 
according to the height of an image, and is suited to 
high- resolution printing by appropriately configuring 

the shape of an f0 lens for cases in which converged 

i ... 
luminous flux from a collimator lens forms an image on 

a plarie to be scanned with the f8 lens through tlik 

optical deflector . 

[0015] 

[Means for Solving the Problem] 

The present invention provides an optical 
scanning apparatus comprising: 

a first optical system for converting 
luminous flux emitted from a light source to converged 
luminous flux; 

a second optical system for imaging the 
luminous flux into a linear image extending in a main 
scanning direction on a deflecting plane of a 
deflector; 
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a third optical system for forming an image 
in a spot shape on a plane to be scanned from the 
luminous flux deflected by the deflector, wherein the 
third optical system comprises a single lens, both 
surfaces of the single lens being aspherical and toric 
on the main scanning plane, and the following 
conditions being satisfied, with R^ denoting the 
paraxial curvature radius of a deflector side lens 
surface the single lens, R2 denoting the paraxial 
curvature radius of an opposite lens surface of the 
single lens, Ymax denoting the maximum effective 
diameter on the main scanning plane of the single 
lens, and and S 2 denoting aspherical-surf ace 
amounts from the paraxial lens surfaces at the maximum 
effective diameter Ymax, 
0 < R± < R 2 

(R x 2 - Ymax 2 ) 1/2 - R 1 < S 1 < 0 

s 2 < < R 2 2 " Ymax 2 ) 1 / 2 - R 2 
and wherein the following expression is satisfied, 
with f t denoting the focal length on the main scanning 
plane of the third optical system and S K denoting the 
distance from the third optical system to the plane to 
be scanned: 

0.2 £ 1 - S K /f t < 0.5. 
[0016] 

It is further characterized in that the 
curvature on the sub-scanning plane (the plane 
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including the optical axis and perpendicular to the 
main scanning plane) of at least one lens surface of 
both surfaces of said single lens constituting said 
third optical system changes successively within the 
effective range of said single lens; that the 
symmetrical axis of said second optical system in the 
main scanning direction is slanted against the normal 
of said plane to be scanned on the main scanning 
plane; that said third optical system is molded in 
plastic; on that said second optical system is molded 
in glass. 
[0017] 

[Description of the Preferred Embodiments] 

Fig. 1 is a sectional view along the main 
scanning direction illustrating the main section of an 
optical scanning apparatus according to a first 
embodiment of the present invention. Fig. 2 is an 
enlarged view of the f9 lens shown in Fig. 1. 
[0018] 

In Fig. 1, there are shown light source means 
1, such as that comprising a semiconductor laser. 
[0019] 

A collimator lens 2 is provided serve as a 
first optical device, which converts luminous flux 
(optical beam) emitted from the light source means 1 
to converged light, and an aperture stop 3 for 
arranging the diameter of luminous flux passing 
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through it. 
[0020] 

There is also shown a cylindrical lens 4 
serving as a third optical device, which has a 
specified refractive power along the sub-scanning 
direction. Almost a line image is formed on a 
deflection plane 5a of the optical deflector 5 
(described later) in the sub-scanning cross section 
with luminous flux passing through the aperture stop 
3. 

[0021] 

The optical deflector 5 serving as a 
deflection device and comprising, for example, a 
polygon mirror rotates at a constant speed in the 
direction indicated with arrow A by driving means (not 
shown) such as a motor. 
[0022] 

An fQ lens 6 (image optical system) 
comprising one lens having the f9 characteristics 
serving as a third optical device has, as described 
later, a lens surface Ra facing the optical deflector 
5 and a lens surface Rb facing the plane to be 
scanned, both of which are aspheric, toric surfaces in 
the main scanning plane. The lens 6 forms an image on 
a photosensitive drum 8, which is a plane to be 
scanned, with luminous flux deflected and reflected by 
the optical deflector 5 according to image 



-12- 



inf ormation. The lens 6 also compensates for 
inclination of the deflection plane of the optical 
deflector 5 . 
[0023] 

Curvature of the sub-scanning plane (plane 
including the optical axis and perpendicular to the 
main scanning plane) of at least one of both lens 
surfaces Ra and Rb of the f9 lens 6 of the present 
embodiment changes successively in the effective range 
of the lens. The symmetrical axis in the main 
scanning direction of the f9 lens 6 is slanted against 
the normal line of the plane 8 to be scanned 
(photosensitive drum surface) on the main scanning 
plane . 
[0024] 

In this embodiment, the f9 lens 6 may be 
molded in plastic. Alternatively, it may be molded in 
glass. 
[0025] 

In the present embodiment, luminous flux 
emitted from the semiconductor laser 1 is converted to 
the converged light by the collimator lens 2. The 
luminous flux (luminous energy) is restricted by the 
aperture stop 3, and is input to the cylindrical lens 
4. This incident luminous flux is emitted as is on 
the main scanning cross section and is converged on 
the sub scanning cross section, forming a line image 
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( longitudinal f line image in the main scanning 
direction) on the deflection plane 5a of the optical 
deflector. The luminous flux deflected and reflected 
on the deflection plane 5a of the optical deflector 5 
reaches the photosensitive drum 8 through the f9 lens 
6. As the optical deflector 5 rotates in the 
direction indicated by arrow A, the photosensitive 
drum 8 is optically scanned in the direction indicated 
by arrow B in order to record images. 
[0026] 

Means for compensating for distortion 
aberration (f0 characteristics) and field curvature, 
according to the present embodiment will be described 
below. Since luminous flux incident to the f<3 lens 6 
from the collimator lens 2 through the optical 
deflector 5 is a converged light, the following 
condition is required to be satisfied in order to meet 
the f9 characteristics of the apparatus: 

0 < R x < R 2 (1) 
where R^ anc * R 2 are P araxia l curvature radii of the f0 
lens 6 in positional order from the optical deflector 
on the main scanning plane. 
[0027] 

This means that the lens surface Ra, which 
faces the optical deflector 5 of the f9 lens 6, has a 
convex meniscus shape in the vicinity of the optical 
axis, and both lens surface Ra and lens surface Rb, 
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which faces the plane to be scanned, have an 
aspherical shape. In order to make the spot diameter 
according to the image height the same in the sub- 
scanning direction, the lens shape is determined such 
that the aspherical shape satisfies the following 
conditions : 

(R x 2 - Ymax 2 ) 1 / 2 - R ± < S x < 0 (2) 

(R 2 2 - Ymax 2 ) 1/2 - R 2 - d < S 2 

< (R 2 2 - Ymax 2 ) 1 / 2 - R 2 (3) 
where Ymax is the maximum effective diameter on the 
main scanning plane, and and S 2 are the aspherical - 
surface amounts from the paraxial lens surface R at 
the maximum effective diameter Ymax. 
[0028] 

This is because variation of the F number in 
the sub-scanning direction according to the image 
height, namely, variation of the main plane position 
in the sub-scanning direction, needs to be restricted 
in order to make the spot diameter according to the 
image height the same in the sub-scanning direction 
since the spot diameter Ps in the sub-scanning 
direction is generally described as below. 

Ps = c ^ Fs 
where Fs is the F number in the sub-scanning 
direction, *\ is the wavelength of the ray used, and c 
is the constant. 
[0029] 
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If conditional expression (1) is not 
satisfied, it becomes difficult to compensate for 
field curvature, distortion aberration, and so on 
successfully. If either of conditional expressions 
(2) and (3) is not satisfied, it becomes difficult to 
make the spot diameter in the sub-scanning direction 
the same . 
[0030] 

In this embodiment, the shape of the f0 lens 
6 is configured such that conditional expressions (1), 
(2), and (3) are satisfied, maintaining field 
curvature, distortion aberration, and so on at 
appropriate values and improving the uniforttlity of the 
spot diameter in the sub-scanning direction. 
[0031] 

Next, by referring to Figs. 3 to 5, means for 
reducing jitter caused by the optical deflector 
(polygon mirror) . 
[0032] 

When a polygon mirror is used for deflecting 
luminous flux with the same deflection angle as shown 
in Fig. 3, the deflection point changes its position 
back and forth depending on the polygon surface used 
due to an error caused by engagement with a motor 
rotation shaft and distance variation from the 
rotation center to the polygon surface (deflection 
surface). When light deflected at the polygon surface 
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5a of the polygon mirror 5 and incident to the f9 lens 
6 is parallel, the luminous flux forms the image at 
the same point on the photosensitive drum, which is 
the image plane. 
[0033] 

When light output from the collimator lens 
has already been converged, however, the luminous flux 
does not form an image on the same point on the 
photosensitive drum, causing jitter depending on 
polygon-mirror surfaces and deteriorating the image. 
[0034] 

As shown in Fig. 4, the amount of jitter J is 
expressed by the following expression: 
J = mh 

where h is a shift between two bundles of luminous 
flux deflected at polygon surfaces, and m is the 
transverse magnification in the main scanning 
direction. 

The transverse magnification m is shown in 
the following expression: 
m = 1 - S K /f t 

where f t is the focal length of the f0 lens 6 in the 
main scanning direction (on the main scanning plane) 
as shown in Fig. 5, and S K is a distance from the fO 
lens 6 to the plane 8 to be scanned (photosensitive 
drum plane) . 

Therefore the amount of jitter can be 
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expressed as follows: 
J = (1 - S K /f t )h 
[0035] 

As shown in Fig, 3, the shift h between the 
two bundles of luminous flux is determined by the 
incident angle Gi of the luminous flux on the polygon 
surface, the output angle 9e from the polygon surface, 
and the quantity d of eccentricity on the polygon 
surface. It can be expressed in the following 
expression. 
[0036] 
[Eq. 1] 

h = (dsin(0e - 9i))/(cos9e cos(0e - Gi)/2)) 
= d x g(9i, 9e) 

Since the above described parameters fall in 
a limited range, the shift h ranges from 0.02 to 0.04. 
[0037] 

Generally, jitter becomes noticeable for eyes 
when the distance between two dots on an image shift 
half or more of a dot. In an optical scanning 
apparatus of a laser beam printer having a resolution 
of 600 dpi, for example, jitter becomes noticeable 
when the amount of jitter reaches the following value 
or more . 

J = 25.4/600/2 = 0.02 mm 

Therefore, in order to form a high-quality 
image, the transverse magnification m in the main 
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scanning direction shall be limited to 0.5 or less 
according to the following expressions. 
J = mh 

0.02 > m x 0.04 
m < 0.5 
[0038] 

If the transverse magnification m in the main 
scanning direction becomes small, however > the 
distance S K between the f9 lens 6 and the plane 8 to 
be scanned becomes long, so that the apparatus cannot 
be Made compact. To meet these two opposing 
conditions, the refractive power of the f0 lens 6 and 
that of the collimator lens 2 are determined siich that 
the transverse magnification m in the main scanning 
direction satisfies the following condition, allowing 
a compact ojptical scanning apparatus having reduced 
jitter caused by ah error in mounting the polygon 
mirror (optical deflector) 5 to be implemented: 

0.2 < m < 0. 5 
Namely, 

0.2 < l-S K /f t < 0.5 (4) 
[0039] 

If the upper limit of the conditional 
expression (4) is exceeded, jitter becomes noticeable, 
deteriorating the quality of an image. If the value 
is below the lower limit of the expression (4), the 
distance between the fO lens 6 and the plane 8 to be 



-19- 



scanned becomes long, making the apparatus large. 
[0040] 

In this embodiment, the f9 lens 6 is 
configured with an aspherical surface being expressed 
by a function having up to a term of tenth degree in 
the main scanning direction and a spherical surface 
changing successively in the height direction of an 
image in the sub-scanning direction. When the 
intersection between the f9 lens 6 and the optical 
axis is set to the origin and the optical axis is 
assumed to be the X-axis, the axis perpendicular to 
the optical axis on the main scanning plane the Y- 
axis, and the axis perpendicular to the optical axis 
on the sub- scanning plane the Z-axis, for example, 
the shape of the lens in the generating- line direction 
corresponding to the main scanning direction can be 
expressed by the following expression, 
[0041] 
[Eq. 2] 

X = (Y 2 /R)/(l + (1 - (1 + K) (Y/R) 2 ) 1/2 ) + B 4 Y 4 
+ BgY 6 + BgY 8 + B 1Q Y 10 
where R is curvature radius and K, B4, Bg, Bg, and B^g 
are aspherical-surf ace coefficients. The shape of the 
lens in the meridian-line direction corresponding to 
the sub-scanning direction (direction perpendicular to 
the main scanning direction including the optical 
axis) can be expressed as follows: 
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[0042] 
[Eq. 3] 

S = (Z 2 /r f )/(l + (1 - (Z/r') 2 ) 1/2 
where 

r» = r(l + D 2 Y 2 + D 4 Y 4 + D g Y 6 + DgY 8 + D 10 Y 10 ). 
[0043] 

Fig. 7 shows the optical arrangement and the 
aspherical-surf ace coefficients of the fG lens 6 
according to this of the present invention. Fig. 9 
illustrates the shapes of the aspherical surfaces of 
the fO lens 6. In Fig. 10, thick lines indicate 
aspherical-surf ace amounts S from the paraxial 
curvature radius and dotted lines indicate the values 
of (R 2 - Ymax 2 ) 1/2 - R. 
[0044] 

In this embodiment, the paraxial curvature 
radius R, the aspherical-surf ace amount S, and the 
values of (R 2 - Ymax 2 ) 1 / 2 - R of the fO lens 6 are 
described below which satisfy the conditional 
expressions (1) to (3). 

R 2 = 65.22 

R 2 = 150.03 

5 1 = -9.44 

5 2 = -7.97 

(R x 2 - Ymax 2 ) 1/2 - R x = -14.50 
(R 2 2 - Ymax 2 ) 1/2 - R 2 = -6.00 
[0045] 
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Fig. 11 is an aberration view showing field 
curvature and distortion aberration in this 
embodiment. It is understood from this figure that 
the aberrations have been compensated for to the level 
at which there is no practical problem. Changes in 
the spot diameter in the sub-scanning direction due to 
the image height can also be restricted to 10 jam or 
less . 
[0046] 

In this embodiment, the focal length f t of 
the f9 lens 6 in the main scanning direction is set to 
213.7 mm, the distance from the f9 lens 6 (plane 
from which luminous flux is output of the f9 lens 6) 
to the plane 8 to be scanned (photosensitive drum 
surface) 111.5 mm, and the transverse magnification m 
in the main scanning direction 0.478 as described 
below in order to satisfy the conditional expression 
(4). This reduces jitter caused by an error in 
mounting the polygon mirror (optical deflector). 

m = 1 - S K /f t = 1 - 111.5/213.7 = 0.478 
[0047] 

Since the shift h between the two bundles of 
luminous flux in the present embodiment has the 
following value when the incident angle Oi of the flux 
to the polygon plane 5a is -90 degrees, the output 
angle 9e of the flux is 45 degrees, and the quantity d 
of eccentricity on the polygon plane 5a is 15 jam, the 
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jitter amount J has the value described below. 

[0048] 

[Eq. 4] 

h = (dsin(0e - 9i))/(cos0e cos((0e - 9t)/2)) 

= 0.039 mm 
J = mh = 0.0186 mm 

Thus, jitter can be restricted to the level 
at which it is not noticeable to the eye. 
[0049] 

As described above, the shape and optical 
arrangement of the f9 lens 6 is appropriately 
configured in the present embodiment so that field 
curvature and distortion aberration are successfully 
compensated for and problems related to jitter caused 
by an error in mounting the optical deflector and 
related to changes in the spot diameter in the sub- 
scanning direction according to the image height are 
solved when converged light from the collimator lens 
forms an image on the plane to be scanned with one f9 
lens through the optical deflector. 
[0050] 

Fig. 6 shows a cross section (main-scanning 
cross section) of the main section of an optical 
system in the main scanning direction according to a 
second embodiment of the present invention. In Fig. 
6, the same elements as those shown in Fig. 1 have the 
same symbol s . 
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[0051] 

The present embodiment differs from the first 
embodiment, described above, in that a f9 lens 26 
having a thinner center thickness in the optical-axis 
direction than the f9 lens 6. Other configurations 
and optical operation are almost the same. 
[0052] 

Fig. 8 shows the optical arrangement and the 
aspherical-surf ace coefficients of the fQ lens 26 
according to the second embodiment of the present 
invention. Fig. 10 illustrates the aspherical-surf ace 
amounts of the f9 lens 26. In Fig. 10, thick lines 
indicate an aspherical-surf ace amount S from the 
paraxial curvature radius and dotted lines indicate 
the values of (R 2 - Ymax 2 ) 1 / 2 - R. 

In the second embodiment, the paraxial 
curvature radius R, the aspherical-surf ace amount S, 
and the values of (R 2 - Ymax 2 ) 1 / 2 - R of the f9 lens 
26 are described below and they satisfy the 
conditional expressions (1) to (3). 

R x = 45.16 

R 2 = 68.96 

S x = -20.24 

S 2 = -14.61 

(R x 2 - Ymax 2 ) 1/2 - R 1 = -26.23 
(R 2 2 - Ymax 2 ) 1/2 - R 2 = -14.27 
[0054] 
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Fig. 12 is an aberration view showing field 
curvature and distortion aberration of the second 
embodiment. It is understood from this figure that 
the aberrations have been compensated for to the level 
at which there is no practical problem. Changes in 
the spot diameter in the sub-scanning direction due to 
the image height can also be restricted to 10 |im or 
less . 
[0055] 

In the second embodiment, when the focal 
length f t of the f0 lens 26 in the main scanning 
direction is set to 226.0 mm, and the distance S K from 
the f0 lens 26 to the plane 8 to be scanned 
(photosensitive drum surface) is set to 111.5 mm, the 
transverse magnification m is as described below . 
m = 1 - S K /f t = 1 - 111.5/226.0 = 0.493 

This value satisfies the conditional 
expression (4) as in the first embodiment, and jitter 
caused by an error in mounting the optical deflector 
(polygon mirror) is restricted to a level at which it 
is not noticeable to the eye. 
[0056] 

As described above, the shape and optical 
arrangement of the f9 lens 26 is appropriately 
configured in the present embodiment so that field 
curvature and distortion aberration are successfully 
compensated for and problems related to jitter caused 
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by an error in mounting the optical deflector and 
related to changes in the spot diameter in the sub- 
scanning direction according to the image height are 
solved, as described in the first embodiment. 
[0057] 

According to this embodiment, since the 
center thickness of the f9 lens is thin in the 
optical-axis direction and its refractive power is 
restricted by inputting converged luminous flux to the 
f0 lens, reducing the molding tact time for the f9 
lens and implementing the inexpensive optical scanning 
apparatus . 
[0058] 

[Advantageous Effects ] 

According to the present invention, the 
factors related to the f9 lens 6, such as the paraxial 
curvature radius in the main scanning direction, 
aspherical-surf ace amount, focal length, and distance 
to the plane to be scanned, are appropriately set as 
described above when converged luminous flux from the 
collimator lens forms an image on the plane to be 
scanned with one f9 lens through the optical deflector 
so that field curvature and distortion aberration are 
successfully compensated for and effects of jitter 
caused by an error in mounting the optical deflector 
and of changes in the spot diameter in the sub- 
scanning direction according to the image height are 
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minimized, allowing the compact optical scanning 
apparatus suited to high-precision printing to be 
implemented. 

[Brief Description of the Drawings] 

Fig, 1 is a cross section of the main section 
in the main scanning direction of an optical scanning 
apparatus according to a first embodiment of the 
present invention . 

Fig. 2 is an enlarged view of the f9 lens 
shown in Fig. 1. 

Fig. 3 is an enlarged view of a part of the 
optical deflector shown in Fig. 1. 

Fig. 4 is a view showing correlation between 
jitter and a shift between two bundles of luminous 
flux according to the first embodiment of the present 
invention. 

Fig. 5 is a view illustrating the positional 
relationship in the area from the optical deflector to 
the plane to be scanned according to the first 
embodiment of the present invention. 

Fig. 6 is a cross section of the main section 
in the main-scanning direction of an optical scanning 
apparatus according to a second embodiment of the 
present invention. 

Fig. 7 shows aspherical-surf ace coefficients 
of the f0 lens and data for the optical arrangement in 
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the first embodiment: of the present invention. 

Fig. 8 shows aspherical-surf ace coefficients 
of the f9 lens and data for the optical arrangement in 
the first embodiment of the present invention. 

Fig. 9 illustrates the shapes Of the 
aspherical surfaces of the f0 lens according to the 
first embodiment of the present invention. 

Fig. 10 illustrates the shapes of the 
aspherical surfaces of the f0 lens according to the 
second embodiment of the present invention. 

Fig. 11 illustrates field curvature and 
distortion aberration according to the first 
embodiment of the present invention. 

Fig. 12 illustrates field curvature and 
distortion aberration according to the second 
embodiment of the present invention. 

Fig. 13 is a general view showing the main 
section of the optical system of a conventional 
optical scanning apparatus. 
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[ Document ] 

Abstract 
[Abstract] 
[Object] 

To provide a scanning optical apparatus 
wherein a curvature of field, a distortion and/or the 
like is satisfactorily corrected, and influence of 
jittering attributable to a mounting error of a light 
deflector and/or change of a spot diameter in a sub- 
scan direction depending on an image height or the 
like can be suppressed. 
[Structure] 

An optical scanning apparatus comprising a 
first optical system for converting luminous flux 
emitted from a light source to converged luminous 
flux; a second optical system for imaging the luminous 
flux into a linear image extending in a main scanning 
direction on a deflecting plane of a deflector; a 
third optical system for forming an image in a spot 
shape on a plane to be scanned from the luminous flux 
deflected by the deflector, wherein paraxial curvature 
radii aspherical-surf ace amounts, focal length, a 
distance to the surface to be scanned and the like are 
properly set. 
[Selected Figure] 

Figure 1 

P096/3135. 1 
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